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UQ	  is	  the	  future...	  

§  Uncertainty	  Quan1fica1on	  (UQ)	  is	  essen1al	  for	  achieving	  
confidence	  in	  computa1onal	  results	  
§  Incorpora1on	  of	  uncertain	  input	  parameters	  
§  Sensi1vi1es	  to	  algorithmic	  choices	  and	  parameters	  

§  Becoming	  more	  feasible	  due	  to	  increased	  compute	  resources	  
§  ALEGRA	  has	  recently	  been	  integrated	  with	  DAKOTA	  
§  We	  perform	  a	  UQ	  study	  modeled	  aKer	  Doney	  et	  al.	  using	  

integrated	  ALEGRA-‐DAKOTA	  
§  Goal:	  exercise	  &	  evaluate	  the	  integrated	  UQ	  capability	  
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Exploding	  Wire	  Experiments	  
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Figure 15.  Streak image of a typical Al wire discharge.  Timescale is determined from the two spots of blue light 
occurring at –1.14 s and 9.32 s after initiation of the discharge.  The current and voltage traces from 
three nominally identical experiments are combined to illustrate variability and are scaled in time 
according to the streak image. 

In this image, time increases from right to left.  Recall that the streak camera observes only a 
small axial sliver over time.  Each instantaneous view is juxtaposed with subsequent times so a 
single wide line (annotated as “wire”  in the image) is observed as the wire’s history running from 
left to right.  Here we observe that the shock wave (annotated as “shock”) propagating through 
the water is clearly visible running ahead of the wire expansion front, since the density gradient 
at the shock front strongly refracts the backlight.  From our calibration, the shock speed appears 
to be about 1.9 mm/s surpassing the distilled water sound speed of about 1.5 mm/s.  The 
plasma itself is opaque to the backlight, and is also easily seen in the streak image.  It is also 
possible, on the original images, to distinguish a weak shock wave that precedes the main shock.  
This is due to the expansion that occurs as the wire passes from a solid to a liquid state.  This 
picture demonstrates one of the great advantages of using water as a confining medium over 
experiments conducted in air.  In water, we can observe the column diameter as a function of 
time, which we need to determine the plasma density and to calculate the conductivity.  In air, 
the outer plasma boundary is poorly visible—particularly at late times—making diameter 
measurements inaccurate.  It should also be noted that the flashlamp sparks used for time 
calibration are clearly visible in figure 15, as well as the blast wave fronts in air generated by the 
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Integra1ng	  DAKOTA	  and	  ALEGRA	  
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•  Very flexible 
•  Can be fault tolerant 
•  Variable simulation resources 

are possible 
•  Requires scripting 
•  Relies on file system 

•  Easier to use 
•  One input deck 
•  No scripting 
•  Single job launch 

•  Limited response functions 
•  Less fault tolerant (single MPI job) 



ALEGRA-‐MHD	  

§  Resis.ve	  magnetohydrodynamics	  
§  Operator	  split	  magne.cs	  &	  hydrodynamics	  
§  Operator	  split	  Lagrangian	  .me	  step	  plus	  

remap	  
§  Mul.-‐material,	  mul.phase	  
§  Thermal	  &	  electrical	  conduc.vity	  models	  
§  Lumped	  circuit	  models	  (Sundials)	  
§  Ini.aliza.on	  by	  material	  inser.on	  
§  2D	  cylindrical	  geometry	  
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Integrated	  DAKOTA	  and	  ALEGRA	  

§  DAKOTA	  specifica.on	  placed	  in	  ALEGRA	  
input	  deck	  

§  We	  chose	  a	  normal	  (Gaussian)	  
distribu.on	  for	  the	  input	  parameters	  
(actual	  distribu.ons	  are	  unknown)	  

§  Used	  maximum	  and	  .me	  of	  maximum	  
built-‐in	  response	  func.ons	  

§  Performed	  for	  LMD	  and	  QLMD	  
conduc.vity	  models	  

§  64	  samples	  using	  La.n	  Hypercube	  
Sampling	  

§  Each	  sample	  used	  64	  processors	  with	  4	  
running	  concurrently	  (~18,500	  CPU	  hours)	  
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Comparison	  with	  Experiment	  
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•  Computed the mean and standard deviation for each time 
across the 64 samples 

•  Overlaid with experimental values 
•  (Data collection done independent of DAKOTA) 
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Sensi1vity	  Analysis	  
§  DAKOTA	  produces	  par1al	  correla1ons	  

§  Measures	  dependence	  between	  inputs	  and	  outputs	  
§  0	  =	  not	  correlated,	  ±1	  =	  maximum	  correla1on	  

§  Sca^er	  plots	  useful	  
§  Nonlineari1es!	  
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Sensi1vity	  Analysis	  

§  Traces	  colored	  by	  resistance/wire	  length	  
§  Confined	  the	  other	  parameters	  to	  be	  within	  1	  σ	  of	  mean	  
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Burst	  Times	  
§  There	  is	  some	  debate	  over	  a	  defini1on	  of	  burst	  1me	  
§  Time	  of	  peak	  velocity	  or	  1me	  of	  peak	  voltage?	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  	  

§  Either	  one!	  	  (in	  this	  case)	  
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Conclusions	  
§  UQ	  &	  SA	  very	  helpful	  !	  
§  Integrated	  ALEGRA-‐DAKOTA	  improves	  ease	  of	  use	  

§  greatly	  simplifies	  execu1on	  of	  UQ	  sampling	  simula1ons	  
§  Provides	  useful	  UQ	  measures	  
§  Provides	  inputs	  versus	  outputs	  table	  

§  Poten1al	  use	  for	  other	  DAKOTA	  capabili1es,	  such	  as	  calibra1on	  
&	  op1miza1on	  

§  Complete	  analyses	  require	  addi1onal	  tools,	  such	  as	  history	  trace	  
reduc1on,	  sensi1vity	  sca^er	  plots,	  histograms	  

§  Addi1onal	  response	  func1ons	  &	  generality	  needed	  
§  QMD-‐op1mized	  LMD	  conduc1vity	  model	  much	  be^er	  than	  LMD	  
§  Voltage	  or	  velocity	  can	  be	  used	  to	  define	  burst	  1me	  
§  Burst	  1me	  depends	  mainly	  on	  resistance	  &	  wire	  diameter	  
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